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ABSTRACT

Seven volunteer subjects were exposed once each to 25 +Gx
impact and sham impact on the Daisy Decelerator. Urinary excretion
of vanilmandelic acid (VMA) was measured during two timed periods
prior to and after imr-:t or sham impact. The results indicate
that the average urin._y excretion of VMA increases with exposure
to both impact or sham impact. The greatest average increase was
observed after true impact. It 1is suggested that subject anxiety
attendant to both experimental conditions causes an increased
liberation of catecholamines. True impact may further stimulate
this adrenergic activity.
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INTRODUCT1ON

zxposure of huuen subjiects to Gy impact (abrupt deceleration)
commonly produces a transient episode of hyper-reflexia, skeletal
muscle tremor and general hyperactivity. These effects apveear to
be related to the level of impact force and are especially notice-
able above 20 Gx. Rhein and Taylor (Ref. 1) postulated that these
responses could be due to subject pre-run anxiety with accompanying
sympathicotonia. <They also suggest that impact might produce a
transient alteration in peripheral or central nervous system function
which subsequently results in hyper-reflexia. However, quantitative
data to support these hypotheses have nct been established.

The present investigation is an evaluation of sympatho-adreral
activity in human subjects teforec and after experimental impact runs.
We have studied the urinary ec¢cretion of vanilmandelic acid (VMA) in
seven male subjects prior to and after exposure to 25 +Gy on the
Daisy Decelerator (Ret. 2). Secretly scheduled sham runs for each
subject served as an experimental control.
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METHODS

A. Experimental Design

Seven healthy young men who were volunteer subjects on active
duty in the Air Force were selected to participate in this study.
The physical characteristics of these men are summarized in Table I.
All of the subjects had been exposed to impact acceleration studies
for over & year and were familiar with the Daisy Decelerator and
restraint systems utilized. Each subject was contacted separately
and informed that he would participate, over a four week period,
in two 25 +G, impact runs and two sham runs. The order of the runs
would not be known and the project was not to be discussed with
other sled riders.

Only two runs were actually conducted with each subject; one
impact and one sham in a sequence established by dice shake as shown
in Table I. 1Irnsestigative personnel assigned to the project and
technicians who operated the Daisy Decelerator were also instructed
not to disclose the sequence of the impact/sham runs.




Table I. SUBJECT CHARAC:srISTICS AND CRDER OF RUNS

Order of Runs

Initials  Age  Ht(em)  ut(ke) Irpact  Sham
G.W.C. 21 17h 79 I 11
J.0.E, 26 184 8l II I
C.W.H. 23 18h i I 11
J.L.P. 22 181 79 I II
C.A.R. 23 180 73 1I I
J.W.R., 23 182 75 I 1I
T.R.T. 25 184 T1 I 11

Four timed urine specimens were collected as follows: from
3 hours to 1 hour pre-impact (B-1); from 1 hour to 5 minutes pre-impact
{B-2); from 5 minutes pre-impact to 1 hour post-impact (R-1) and from
1 hour post-impact to 3 hours post-impact (R-2).

True impact runs were programmed for 25 + 1 G applied in the
+Gy vector, sled entrance velocity at water brake 10 m/second with
an onset of deceleration of 1000 G/second. Sham runs were conducted
exactly as a true run except the Daisy asir piston, which propells
the sled, was partially depressurized 10 seconds prior to the firing
time. As a result, the sled moved down the track but failed to contact
the water brake.

B. Subject Protocol

Two experiments were conducted per day, one in the morning and
one in the afternoon. Subjects were not permitted to observe the

run preceding their own. Throughout the experimental period subjectr
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were instrucied Lo avoid certain fo0ds containing va

would ultimately interfere with the chemical 0na1y61s for VMA. For
morning runs the subjects ate no breakfast vhile afternoon subje:ts
ate no lunch. Water consumption, ad 1lib. was encouraged to maintain

adequate urine output.
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On the day of a run the subject reported to the Daisy Decelerator
facility approximately one hour before the firing time. The B, urine
specimen was collected. The subject then received a pre-run p%ysical

¢ examination and was instrumented for vectorcardiogram, blood pressure
(phonic transducer sphygmomanometer, Airsearch Mfg. Co.) and respiratory
¢ rate (nasal thermistor, Yellow Springs Inc.). Physiological information
% ¢ was received on a Senborn 350 recorder via instrumentation cabie.
’ Approximately 10 minutes prior to the scheduled firing time the subject
: walked to the Daisy Decelerator sled and was restrained with a standard
E harness consisting of shoulder straps, lap belt, foot straps and D-ring
grips for hand holds. A second pre-run urine specimen (B-2) was
collected just prior to strap-in. Count-down and firing of the sled
usually occurred within 5 minutes after strap-in.
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Immediately after impact the restraint harness was released and
the subject examined for evidence of injury. A post-run physical
examination followed 10 minutes after the impact. Personnel receiving
sham runs were questioned as to how well the experiment was concealed.

St i s el

The first post-impact urine specimer (R-1) was collected at the
Daisy Decelerator area while the remaining post-impact specimen (R-2)
was ccllected by the subject at a specified time and returned to the

laboratory.
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C. Handling of Specimens

The volume of urine specimens were measured to the nearest
milliliter. If the measured volume was equal to less than 3.0 ml per
mimite excretion rate t..e specimen was diluted with distilled water
to the equivalent rate. I[riplicate 50 ml aliquots of the urine were
acidified with 0.1 ml of 12 N HC1 and stored in screw-capped bottles
at -209C to swait analysis.
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D. Chemical Analysis

Urine specimens were analysed for VMA using the method of Pisano
et. al. (Ref. 3), in which VMA is first extracted from urine with
ethyl acetate and subsequently re-extracted into aqueous K2 003




VMA is then Ooxidized with Nal0), to produce vanillin which is measured
spectrophotometrically (347 mpg against VMA standards receiving the
same treatment.
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RESULTS

The results of these experiments are presented graphically in
Figure 1. These data are expressed as the average urinary excreticn
of VMA (pg/min) for all subjects during two timed intervals before
and after impact or sham exposure, Standard error of the mean is
represented by brackets (+ 1 Sx).

Urine specimen B-1 collected one hour prior to the scheduled
experiment is quite similar for both impact (4.4 + 1.6 pg/min) and
sham (4.2 + 1.3 ug/min). These values are also in close agreement
with baseline VMA excretion reported for healthy young men prior to
participation in thermal stress experiments (Ref. 4). VMA excretion
increases in period B-2 and R-1 for both impact and sham experiments.
In period R-2, VMA excretion continued to increase after impact while
it diminishes slightly after sham. The relative changes in VMA
excretion are illustrated in Figure 2, which expresses the quantitative
differences between the average impact and sham excretion rates. This
treatment of the data seeks to identify an increment of VMA excretion
due to impact exposure. It sppears that increased VMA excretion in
the R-2 urine specimen may represent some effect of impact.

Statistical analyses of these experimental data are summarized
in Table II. Experimental differences were evaluated by comparing
the B-1 spccimen with each of the subsequent specimens (B-2, R-1 and
R-2). For intra-experimental analysis the impact specimens were
compared with the corresponding sham specimens. Both parametric (Ref.
and non-parametric (Ref. 6) methods were used. It is apparent from
these analyseeg that the changes observed within and between the impact
end sham experiments are of marginal statistical significance. This
is partislly explained by the unusual variability in several subjects
combined with the small number of subjects.

14,3 +0.5 pgg/min
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DISCUSSION

The metabolic fate of catecholamine secreted from either the
adrenal medulla or sympathetic nervous aystem includes O-methylation
to form metanephrine or normetanephrine which are secreted either
unchanged or subsequent to conjugation with sulfuric or glucuronic
acid. Deamiration of metanephrine and normetanephrine yields
vanilmandelic acid“ (VMA) which is the predominant excretion product
of catecholamine origin (Ref. 7). A small percentage of free
epinephrine and norepinephrine are excreted in the urine of humans.

23-methoxy-4-hydroxy mandelic acid
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TABLE II., SUMMARY OF INTER- AND INTRA-EXPERIMENTAL
STAT1STICAL COMPAR1SONS

Groups Comparedl t-value® P T-value3 P

B-1 (+) vs B-2 (+) 1.25 <0.25 -21 --
‘ B-1 (+) vs R-1 (+) 1.97 <0.10 3 <o0.10
, 3-1 (+) v8 R-2 (+) 1.72 <o0.20 b <c.2

B-1 {-) vs R-2 (-) 1.13 <o0.30 -5 -

B-1 (-) vs R-1 (-) 1.06 <o.lo | -0 --

B-1 (-) vs R-2 (-) 1.36 <0.20 -5.5 -

B-1 (+) vs B-1 (-) 0.26 <c.% 11 --

B-2 (+) vs B-2 (-) 0.48 <o.70 11 --

R-1 {+) ve R-1 (-) 0.06 <o0.% 9 --

R-2 (+) vs R-2 (-) 0.71 <o.% -1 --

1. Impact experiment (+), sham experiment (-)
2. Students' 't": v .05, df 7 = 2.36

3. wWilcoxons' "T": T .05, ar 7= {2|
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The measurement of VMA, therefore, provides a rough index of
endogenous catecholamine secretion although the original source <1
the VMA molecule is not determined (Ref. 8).

Studies by Goodall and Berman (Ref. 9) using centrifugation and
mock centrifugation as stressors provide a partial basis for compsrison
with our studies. Their investigations demonstrated that epinephrine
excretion increased significantly prior to and during centrifugation
and mock centrifugetion and attained similar levels during both treatments.
Ninety minutes after exposure to either real or mock centrifugation
epinephrine excretion diminished markedly. Urinary excretion of
norepinephrine increased significantly cnly after true centrifugation.
Increases in either epinephrine or norepinephrine were accompanied by
a3 concomitant increase in VMA excretion. These measurements suggest
that epinephrine excretion is related to the anticipation of centrifugation
while norepinephrine excretion responds to gravitational stress which
n»roduces hemodynamic alterations mediated through the sympathetic nervous
system.

T e
M‘ Das———

Tn the present experiments subject urinary VMA excretion increased
prior to impact and sham exposure. This observation is consistent with
the hypothesis of subjec. pre-exposure anxiety accompanied with sympatho-
adrenal hyperfunction. Post-impact and post-sham VMA excretion remsins
elevated, which indicates that sympatho-adrenal hyperfunction continues
well after the time of meximum anxiety. In sddition, the greater
average excretion of VMA in specimen R-2 following true impact indirectly
suggests thar impact force may produce an additional trensient augmen-
tation in catecholamine secretion. Hyper-reflexia, increased reactivity
of skeletal muscle and subject hyperactivity which commonly are present
immediately after impact exposure may be manifestations of a sudden
increase in catecholamine release attendant to impact exposure (Ref. 10).
This hypothesis, of course, lacks rigorous statistical support in these
dsta.

A comprehens’ve study of catecholamine excretion under similar
conditions with a larger subject population will be required to
establish which portion of the sympatho-adrenal system is possibly
actuated by impact force.
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